In most surveys the specimens distributed are lyophylized animal serum and this limits the types of analysis which may be surveyed. In addition there may be problems in the manufacture and reconstitution of the sera before analysis.
SYNOPSIS Since July 1969, portions of the same blood serum have been dispatched to clinical chemistry laboratories in the United Kingdom at 14-day intervals. The results of each serum survey were reported to each of the 390 participants within 11 days of their originally receiving the specimen.
During the first 18 months of the survey no overall improvement in the results was seen. Therefore a summaryof each laboratory's abilityconsistently to produce results close to the mean of the method used was calculated and reported as a single figure, the variance index, and sent to all participants at regular intervals together with a histogram distribution of the variance indices of other participants. The subsequent improvement in the overall results is described.
In many countries portions of the same blood serum have been distributed to many laboratories to compare the results of analysis. In the United Kingdom at least two surveys have been made nationally (Wootton and King, 1953; Gowenlock, 1969) , and surveys within various regions ofthe United Kingdom have been carried out from time to time by individuals and some have been stimulated by the Association of Clinical Biochemists (Broughton and Raine, 1969 ).
The results of most of the published surveys from this country and abroad are concerned with occasional distributions of material, perhaps at monthly or annual intervals. Usually there are delays, sometimes of many months before the results from all the laboratories are made known to the participants in the survey. This delay means that the information is not as useful as it would have been at the time of the survey. Control of accuracy and precision in the laboratory is not static and it is difficult to enquire into a failure of precision or accuracy which occurred many months before. In addition, the long intervals between the surveys make it difficult to assess the effects of the results on the precision and accuracy of the laboratories.
In most surveys the specimens distributed are lyophylized animal serum and this limits the types of analysis which may be surveyed. In addition there may be problems in the manufacture and reconstitution of the sera before analysis.
In an attempt to overcome some of the difficulties outlined above, a scheme called the UK National
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Quality Control Scheme was started in 1969. The main objectives of the scheme were as follows:
1 To send at 14-day intervals a portion of a bulked human serum to all those hospital laboratories in the UK which perform clinical chemistry analyses. 2 The survey should initially be concerned with 15 of the more commonly performed analyses. If a laboratory did not routinely perform all of the 15 analyses, this would not exclude it from participating in the Scheme. 3 The participating laboratories to return the results to the organizing laboratory in as short a time as possible and the results from all the laboratories to be available to the participants within 10 days of the specimen arriving in the participating laboratories.
4 To make participation voluntary and preserve anonymity.
5 To present the results in a manner that would enable the participants to make judgments of their performance, particularly in relation to the analytical method used.
6 To assess the role of automation, analytical methods, laboratory workload, and other factors possibly affecting accuracy and precision.
7 To assess if any improvement in precision and accuracy in the hospital laboratories of the UK occurred as a result of frequent surveys. The distribution of sera is started by the printing of self-adhesive labels for each of the participating laboratories, ready for the labelling of the distribution packs (fig 1) . This is printed on the computer line printer from a disc file which lists the addresses of the participating laboratories and also records their code number. The computer is also programmed to punch one card for each laboratory. The punched characters in the card are the participating laboratory's code number and the date of the serum specimen. The specimen of serum and the appropriate punched card are placed in a polystyrene box and an appropriately labelled postage sleeve is used to protect the tube and the punched card during transit ----. The seven sera were chosen at random.
The true result for any particular determination was unknown; rarely in clinical chemistry is it known. The significance of the mean value for a particular method was also unknown. However, as more information became available, it was apparent that the mean value was more useful than was at first thought.
In fact, a surprising feature of the results was the close agreement between the mean results for the same constituents using various analytical techniques with widely differing chemical principles. In addition the symmetry of the distribution of results was illustrated by the closeness of the mode and the mean. Although the scheme was anonymous, using individual laboratory code numbers it was possible to show that certain laboratories usually obtained results close to their method mean result whilst others produced results with differences that were not consistent. There was also a tendency for laboratories which had poor results by any method to have poor precision for all determinations.
It was concluded that the failure to achieve any overall improvement in the variance of results by this survey technique might be due to the method of displaying the results and their interpretation by participants. The reports distributed did not summarize any laboratory's ability to produce precise results over the whole range ofdeterminations and for a period of time. It was therefore decided to summarize the achievement of each laboratory in one figure, a calculation termed the 'variance index', and to compare the results for individual laboratories.
Calculation of Variance Index
The overall standard deviation for each determination was calculated, and results outside 3 x SD were excluded and the 'recalculated SD' was used as an overall measure of variance.
Each result from a laboratory was classified according to the method. used and the 'method mean' calculated after excluding those outside 3 x SD.
Each result was then allocated a score as follows: (fig 11) .
In January 1971 the calculation of the variance index showed that only 45 laboratories had indices below 0-20. This number had increased to 86 by July 1972. In January 1971 no less than 41 laboratories had indices greater than 0 70, and by July 1972 this had decreased to 16. Figure 12 shows the mean running variance index for all laboratories and for three groups of laboratories, those in groups 1, 3, and 6 performing less than 50000, 100-150 000, and more than 250 000 biochemical tests per annum respectively. It can be seen that the running variance index has improved gradually since this introduction of a regular distribution to each participant of a report containing its own variance index and a histogram distribution of all the variance indices (figs 10 and 11). Each laboratory is able to relate its overall performance to that of all participants and particularly to those with a similar workload to itselt. A third possible explanation is that the methods of monitoring laboratory variance in individual laboratories do not truly reflect the variance of the methods used. This is not an implied criticism of the use of such techniques (they are essential) but it ispostulated that some laboratories design their own quality control techniques to give comfort rather than information on analytical variance.
This survey emphasizes the important role of inter-laboratory surveys in assessing the true variance between laboratories.
The maintenance of accuracy and precision in laboratory work is a difficult task demanding scientific skill. As judged by this survey, in general the laboratories with the larger workloads appear to have a lower variance than the laboratories with the smaller workloads. However, certain laboratories with smaller workloads attain better variance indices than some laboratories with larger workloads. The factors involved must be complex, involving combinations of problems in the use of laboratory apparatus and the personnel involved.
The variance of laboratories using automation is, in general, better than those using manual techniques, but not invariably so. One of the laboratories with an extremely high variance index appears to use automation for many of the analyses performed. Most of the larger hospital laboratories use automatic equipment, and thus it is not possible to dissociate completely high workload and automation as factors in attaining good precision.
The absence of improvement before the variance index calculation was introduced is probably due to laboratory workers failing to interpret correctly the results of this survey. Subsequently most laboratories have improved, especially those with variance indices greater than 075 before 1971.
It is probable that more general improvement in certain of the results, eg, sodium and potassium, would be difficult to achieve. However, there is room for improvement in many of the assays. Two determinations, cholesterol and iron, appear to have inherent problems which are reflected in the high variance for these analyses for most of the laboratories participating in the scheme. The computer work was carried out under the direction of Margaret Peters. Nina Frazer, Sarah Colles, Linda Darby, and Hilary Fuller all played an integral part in the work by their enthusiasm, effort, and hard work.
